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Described is a course de51gned for englneerlng ‘
science and natural science freshmen and opén ta upperclass
nonscience majors entitled mScience of Modern Materials™ and which
has been successfully presented for several years. This paper
presents the philosophy behind the course, the teaching methods
employed, and the content of the course.. The course has a large
scopg, starting with water and the decomposition of igneous earths,
includlng wvood and wvoad products, ¢emeats, stones, vitrified
products, metals and alloys glasses; plastics,  semiconductors, and
ending with ecological problems origipated by matetials generated
pollution. The relation of structure and property is the theme
followed through all but the ecology part of the course. This course
attempts to intrigue th2 nonscience major by showing him how he lives
with and depends on materials and how he or his repreésentative will
be responsible for laws regulating these materials in. the future. In
+he final exam, the student must decide '‘between several materials
from which to erect a pole on his property on the basis of the
ecological damage of maintaining the pole. The syllabus of the course
indicates the demonstrations and teachlng aids that were used. '
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A oourse designed for physmal science and engmeermg majors
' and open to upper classmen in other areas is ent:.tled "Science of

vy 1< /
-

Modern Materials" and has been successfully presented for four years.

The course has a large scope, starting with water ahd the decomposition 3
of igneous earths, going through wood and wood products, cenents,
stones, vitrified products, metals and alloys, glasses, plastics,
semi-conductors, and ending with ecological problems originai.:ed by
materials generated pollution. — ‘

The relation Of structure and property is the theme followed
throﬁgh,all but the ecology part of the course. The "intrigue"
provided by making the student cognizant of his involvement with
materials. This is illustrated by the final exam wherein the student
Jis given an acre of land on which a utility pole is to be erected and
cn which all the ecological damage of generating and maintaining the
pole will occur. Since the decision he makes will affect his welfare,“
he is oconfronted with the necessity of {znderstanding materials in order‘
to live bette.r /

The syllabus of the course is presented and several examples of

. the J.ntrlgue device". are related.
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Introduction

A oourse entitled "The Science of Modern Materials" was
Jntroduced four years ago under the following advertisement_::"
"50.11-12(E,N,S) 9The Science of Modern Materials . .
This course offers an intmduct:’.on to modern nmatei'ia:ls
on an elementary level. Both 'metals and nommetals- are
considered and the liquid, eolid, and gaseous states
are ‘examined. The methods of classifying materials and
studying their structure and reaction to mechanical,
chemical, optical, and electrical stimuli ere introduced.
An important part of the course is that the relevance of
each topic introduced will be illustrated by showing the .
,'necessity of understanding the topic in the e\;ew;iai
world of englneermg synthesis and des:.gn, manufacture,
and ecology. Lum.ted to engmeerm& science and natural
- sciehce “freshmen and to upperclass nonscience majors." \;
- The ocourse has been popular and has' experlenced growmg enroll-

' ments each year. The purpose of this paper is to-illustrate the

-

» . \
P T L o




. Philosophy Behind the Course

The art of manipulating and using materials is one which certainly
was generated in past ages although the science of materials is a
;elat.lvely new pursu:.t. To ignore this art is to ignore ¢ne of our most
wondérful hefitages and slights an interest which is probably common to
‘all people regardless of their level of scphistication. If the purpose
of a course is to sharpen the interests of a neophyte in the field or to
generate an :Lnterest in scmeone outside the fJ.elQ, then no better route
can be found than through the portrayal of the art of using materials
augmented ‘by a sc:.entlf:.c explanation of the .phencmena involved.

fin approach to teaching such a 'course oould be to expose the
student to the modem sophlstlcated thedr:.es and models which we use to
understand our field. Although this approach ma __y_ ‘sharpen the :Lnterest
of the "materials" neophyte, it would more than likely "turn off" the
student in pre-law, pre-med, social relations, political economy, etc.
It was deemed important in this course to intrigue the non-materials
major. 'Ihis‘can be simply done through the art approach by appealing
to his ego and showing the student how he livg\-?s with and depends on
materials every day and how he or his ‘representative will be responsible
for laws regulating these materials in the future. When the student
recogniies that by better understanding the science of mterials_ ‘he can
provide the influence to obtain bettdr laws re ating’ environmental

control he should become enthused regardless of his selected field of

specialty.




The student's J.nberest is captured by illustrating the art of
mampulatmg and using matexials as his forefathers did or as today S
artisans do. The int@‘f;est level is maintained by showing the student
that he already has an appreciation for, if not.considerable lmow'ledge
of,-these arts. .His oontinuirfg.i'ntere,st is siimulate;i iay the scientific

explanations of the phenomena involved in these arts..

Course Operation

, This course meets for 1-1/4 hour sessions twice a week during -

the entire school year. The first meet:ing is used to dofine "modern
materials" as those materials beihg currently used I;y our society.
The illustration from "Materials" A Scientific American Book(l) that -
Wis + by weight or volume, the major material used today generally
elicits surprise and acknowledgement that it mustlbe‘ considered a
modern material., A classification system for materials is commenced
at the first lecture when the student is asked to list as many'natural

{not manufactured) modern materlals as he can. The questions are posed,
| "How o these natural materials (as well as the ores) occur and are they
in equilibrium?", "How can they be transformed to render them most
usefu’ ?" .

To impress the students with the earth's development of naterlals
the’ color—sound movie "Anthology of a Volcano" @2) is shown, as well as
sh.des ’of _]:ava flo«wflslds and sagmples of various types of lava. It is
at this.po-int that the mportance of material properties is made as 1;he

material water is introduced. Because water plays such an important role
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in the decomposition of the igneo‘us rocks (and in subsequent lessons,
in corrosion) time is spent looking at water as & solvent. .The growth
of mineral crystals by supersaturation, solubilitz' variation as-a
function of dissolved C0,, biochemical decay, and the role of a;arobic
and anareobic bacteria ape. introduced as are t.:he concepts éf surface
tension and vis;:osity The illustrative material used in the surface
tension presentations are taken frem "Soap Bubbles" by C. V. Boys(3)
" Although this entertaining treat:Lse is a mine of illustrations, the
principal one selected is Chichester Bell's water telephone for with
this as a stepplng stone, shot casting and free fllght melt spinning
can easily be mderstood in later presentatlons. 'Ihe future of
utJ.lJ.z:at:Lon of the surface tension property is 1111:15trated biz an explana-
tion of the new printing system devised by Mead Corp. (4) .
This illustration of the mixture of ars and science ;ﬁfiwé t~o

‘shcw ,the. technique used in the course.r It i_&} obvious that such a

continued recitation will result in a superfluous presentation. The . _.°

following tabulation fairly portrays the order oif‘ subjéct's presented,
teaching aids used, and the time allotted to eachl érea. ’
'Ih,e’students are given a test four times in tr‘1e first semes_t;-zr
~and b ice/during the second semester. 2An examination is given at the
end of each semester Problems are assigned continupusiy during the
year. The text used in the course is "A Textbook of Materi;ils Technoloéiz"
by L. VanVlack, Addison Wesley, 1973. Although the text is not used on
an assignment bas;'.s, the student is told what pértii)n of the text or, what

auxiliary reading he should have covered each week. Alnost all of the

problems are taken from.the text. ) T
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It is very ea:%y to arrange for plant visitations in tfle
Baltimore area and 3 to 4 hour visits are arranged with such plants.as
Beth'lehem Steel Co., Sparrows Point, A\nlerlc,an Hanmered Piston Ring Div.
of Koppers Co., Kemnecott Copper, ASARD, or Armco Steél.

“In order ‘to provide the best iearning situation, the long temm
pursuit of definitions or testing pro'cédures is avoided. This_ can be
illustrated in the following way. Although normal étress - strain and
shear stress - she:ar strain re];ations must be introduced early in- the
oourse, care is taken to introduce such relations during the first
semester with a rather uniform dispersion and as needed with the material
presented. For instanc':e, shear stress, .shear si:rain, visbosity, and
surface ten;ion are introduced in the discussio;ns of water but modulus
of elasticity, modulus of toughness, mfsotmpy, conductivity aré intro~
duced in the discussion of wood, and hardness, impact strength, anfi

crystallization concepts are introduced in the discussion of plaster and

concrete.

’ It is interesting to note that although it is not difficult to
present the crystallography of the course by the standard classificatioch
ar;d symmetry techniques, it is even easier to present this material if
the student is "entimsed" by showing him that he lives in a.world virtually
filled with c:rystals'. This’illustration is started in the discussions of
the solidificatiop of lava, carried tt'n.;ough the plaster and concrete
gections and anlplified during the metal and alloy sections. Once the . .

student is told that whén he rides on a 727 jet aircraft he sails through
. ) !
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the sky in a cocoon of metallic crystals numbering about 1012 he becomes
interested in crystals. Once the student is shown that polycrystalline

aggregates can have a crystalline texture just as wood has a fiber

+ texture and that in both cases anisotropy results, he becomes interested

in methods of parameterizing thg anisotropy, he sees a reason for under-
standing Miller indices, and stercographic pr.ojection becomes a game
wofth learning. Due to the large volume of material covered, no real
training is done in the crystallographic area but ';:he basic principles
are covered. For instance, no real exercise is given in stereographic
projection but with the class demonstration the student ié expected to
be able to sketch several standard projections.

The class demonst:caﬁidn is carried out in the following manner:
A clear plastic hemisphere three feet in diameter which has been lightly
abraded on its inner surface to serve as a ground glass screen is used
as the standard reference sphere and is clamped to the lecture table. A
2" x 2" x 2" hollow lucite cube with 1/4" walls is attached to a handle

" carrying a flashlight battery and the light bulb is situated in the .

center of the cube. Holes approximately 1/8" diameter are drilled in
the center of cube edges, cube faces, and corners and the entire cube

ocovered with masking tape with tr;e exception of thin (1/8") lines which

gird the cube as the various crystal zones. These lines which allow

light to shine through are colored so that the cube zones, and the
dydecahedral zones can be distinguished.-
Holding the lighted cube in the center of the reference sphere

causes the principal poles and zones of the cube to be projected onto

10 .
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the sphere. Not only does the student instantly see the crystal pro-
jection but he can be shown how different pbles can be rotated to the
center of the projection thereby illustrating different standard -
projectioﬁs. Such a teaching aid enables the introduction of this
subject in minutes iﬁstead of hours.

A considerable portion of class time during gﬁe second semester
is spent qh materials oriented societal problems. The value of im-
ﬁroving materials is shown to affect the future availability of'
materials as well as instant improvement in our capabilities. The role
of research in materials improvemeﬁt is delineated and the materials .

research currently proceeding in the department is xevealed and explained.

Y

. The role of invention and patents in materials improvement is also

delineated and examples of such improvement are demonstrated. Patent

literature is exposed as a viable literature and the student is urged to

-t P

. . . . . . . . b
include it in his resources. Interest in this area has been sufficient

o
to cause a new course "Innovation in Materials" to be introduced during

the past semester. ,

\

The second materials oriented societal problem included is that

-

of poilution and pollution control through the proper selection of
materials. The following prggﬁém is given as a term paper examination
at the end of the 2nd semester.
"One of the advantage§ of being informed in the materials
field is that one has a better appreciation bf pollutioﬁ .

problems. Environments are polluted by people and nature

but with materials. To make this point more relevant and to
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show the difficulty of total analysis in -such a problem area,

the followmg exercise is suggested. -

’

"Presume you live on a one-acre plot which has all the

natural resources you might find anywhere.

The water run-off

from this acre is your water supply and it is collected and ‘

stored in an adjacent pond.

So that natural damage can be

apprec1ated, presure that all material will. come from and be

converted on the one acre.
.,

material which will least upset the ecology of your property.

The problem is to choose the

MA utility pole 40 ft. hJ.gh is to be erected on your

pnoperty and a choice must be made between wood, steel and

concrete as the structural materiald  For equivalent

structural response the concrete pole will be 10" x 10" x 40°'

.and contain eight 1/4" dia. steel reinforcing rods each _40'

_ long; the wood pole will be 10" dia. x 40' made of coniferous wood;

and the steel pole.will be 12" x 12" hollow shell, 3/8" thick with

.015" galvanized ocoating.

ve examined include:

-

I Original natural damage

a) Scarring (beauty)

b) Biochemical upset

c) Depletiocn

"In considering the ecological damage, some of the points to

T
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. b) Ar po].g.utlon ' N o o ’ .
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4 1) thermal a ' L
. 2) part.lcle ‘ . i
Y 3) chemical o e, e
St . . ©) By-product production L S *
1) partiéie : - - L .
2) chemical = - : . .
. , . _

¥II Replaoerrent time"

' - . . e
The student is glven four woeks to write his pape.r whlch is die

- on the day of the examination. ' ’ sy "_ . ";;
. . ’ t AR
'Ihe examlnatlon cons:Lsts of a mock county cohmlssmner S meetmg

Pa—

to dec:Lde which materlal will be establlshed in a oode fof‘ future' utility

poles. The graduate student grader for the counée is chalr'man of the 7
Coa .

meet.mg. The class-is divided into four §ect;.ons. One section serves -~

, a9 the comuissioners and one of ea the eraJnlng sectJ.ons represents

vested :mtez(est groups in wood, concrete and steel, respectlvely. The

1

ensumg two to’ three hout” st.ruggle between these students is apt ev1denoe .

«-thaty regardless of the:.r area of mterest, they have become J.ntmgued

with materials. ‘\ - -~ i
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